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ABSTRACT Laminin interaction with gpl20/140, a B16-
F10 laminin-binding protein immunologically related to a6p1
integrin, has been shown to be dependent on oligosaccharides
from both ligand and receptor. Lectin analysis of gpl20/140
led to the conclusion that this integrin is a sialoglycoprotein
bearing mainly complex antennary structures. By means of
exoglycosidase treatment, it was possible to identify a-galac-
tosyl residues on the integrin a chain as the laminin-binding
determinants. These residues are involved in cell adhesion to
laminin. On the other hand, (3-chain complex antennary struc-
tures, whose synthesis could be inhibited by swainsonine, were
associated with cell spreading rather than cell adhesion. Thus,
it was possible to modulate integrin-mediated ceOl adhesion and
spreading through changes in the glycosylation state of integrin
a and ( chains.

Cell-matrix interactions are mediated by integrin and non-
integrin receptors (1). Integrins are heterodimeric glycopro-
teins consisting of two subunits, a and ,B. Combinations of
two such polypeptides lead to the formation of different
receptors, presenting different ligand specificities. Although
the molecular basis of the integrin-ligand interaction is not
completely understood, some experimental evidence sug-
gests that posttranslational events are important determining
factors (2).

In a previous report (3), we characterized the binding of
laminin-nidogen complex (LN) to gpl20/140, a LN-binding
integrin from B16-F1O melanoma cells, as dependent on
asparagine-linked oligosaccharides from both interactants. In
the present study, we report on the further characterization
of the oligosaccharide chains of affinity-purified gpl20/140
based on its reactivity with a panel of lectins. We have
evaluated the functional role of the sugar residues present in
the integrin molecule in cell-matrix interactions. A sugges-
tion is made of probable carbohydrate residues involved in
adhesion to or spreading of B16-F1O cells on LN surfaces.

EXPERIMENTAL PROCEDURES
Cell Culture. Murine melanoma cells (B16-F10 line), a gift

from M. Hendrix (University of Arizona), were maintained in
tissue culture flasks with RPMI 1640 medium (Sigma), sup-
plemented with 10% heat-inactivated fetal calf serum (Culti-
lab, Campinas, Brazil) and gentamicin sulfate (50 mg/ml) in a
humidified incubator equilibrated with 5% C02/95% air at
37°C. Cells were harvested at subconfluence by rinsing culture
flasks with phosphate-buffered saline (PBS)/EDTA. Cell
treatment with swainsonine (SW; Sigma) was performed under
culture conditions for 18 h, at a final concentration of 1 pg/mIl.
This SW concentration did not inhibit protein synthesis (as
monitored by [3H]leucine uptake) and displayed no effect on
cell viability, as determined by trypan blue exclusion.

gpl20/140 Characterization. gp120/140 was purified by
affinity chromatography on LN-Sepharose columns (3). All
the assays were done with Engelbreth-Holm-Swarm LN,
purified as described (4). Affinity-purified gp120/140 was
iodinated with Iodo-Gen (Pierce) (5) and then immunopre-
cipitated with GoH3 (anti-a6 rat monoclonal antibody, from
Centraal Laboratorium van de Bloedtransfusiedienst,
Amsterdam) as described (3). For immunodepletion studies,
supernatants of immunoprecipitations with Rb3847 (an anti-
(31-chain antiserum, provided by K. Yamada, National In-
stitute for Dental Research, Bethesda, MD) were analyzed.
Proteins were separated on either SDS/polyacrylamide gel
(6) or two-dimensional SDS/polyacrylaniide gel (7), trans-
ferred onto nitrocellulose filters, and analyzed by LN overlay
assays and conventional Western blots. Glycosylation of
affinity-purified LN-binding proteins was assessed in lectin
or Western blots. Lectins used were either digoxigenin
labeled [GNA (from Galanthus nivalus), DSA (from Datura
stramonium agglutinin), SNA (from Sambucus nigra bark),
MAA (Maackia amurensis agglutinin), PNA (peanut agglu-
tinin) from Boehringer Mannheim] or biotin labeled [L-PHA
(leukoagglutinin from Phaseolus vulgaris) and BSA (isolectin
B4 from Bandeiraea simplicifolia), from Sigma]. Lectin bind-
ing was analyzed with suitable conjugates and chromogenic
substrates.

Exoglycosidase Treatment of Wheat Germ Agglutinin
(WGA)-Eluted Material. Sialic acids in the material eluted
from a WGA-Sepharose column were removed with
neuraminidase (EC 3.2.1.18; from Arthrobacter ureafaciens,
purchased from Sigma), by incubating glycoproteins (4100
,ug) with the enzyme (0.05 unit) in 50 mM acetate buffer (pH
5.5) for 2 h at 37°C. Unmasked subterminal (3-galactosyl
residues were then excised with ,B-galactosidase (EC
3.2.1.23; from Escherichia coli, purchased from Sigma). This
reaction was performed with 50 enzyme, units per 100 lAg of
glycoprotein, in 20 mM phosphate buffer (pH 7.3) at 37°C for
18 h. Alternatively, glycoproteins were treated only with
a-galactosidase (EC 3.2.1.22; from Canavalia ensiformis,
from Sigma), by incubating 100 ,ug ofglycoprotein with 1 unit
of the enzyme in acetate buffer (pH 6.0) at 37°C for 18 h.

Deglycosylation reactions were monitored with suitable
lectins or antibodies. Lectins used routinely were from
Sambucus nigra bark for neuraminidase treatment, DSA for
f-galactosidase treatment, and BSA for a-galactosidase
treatment. a-Galactosidase treatment was further monitored
with affinity-purified anti-a-galactosyl IgG (8) in Western
blots. LN-binding activity of deglycosylated gp120/140 was
tested in LN overlay assays essentially as described (3).

Cell Adhesion and Spreading Assays. Adhesion assays were
done as described (3). The role of a-galactosyl residues in
B16-F1O adhesion to LN was studied by incubating cells with

L-PHA, leukoagglutinin from Phaseolus vulgaris; SW, swainsonine;
GNA, Galanthus nivalus agglutinin; MAA, Maackia amurensis
agglutinin; BSA, isolectin B4 from Bandeiraea simplicifolia; WGA,
wheat germ agglutinin.
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either human anti-a-galactosyl IgG (10 &g/ml) or normal
human IgG as a control (10 pg/ml) for 30 min at 4°C and then
plating them on LN or albumin-coated surfaces (10 ug per
well) in a conventional cell adhesion assay.
SW effect on cell spreading was studied by plating control

and treated cells on LN- or fibronectin (FN)-coated surfaces
(10 and 5 Mg/ml, respectively). After 60 min, adhered cells
were fixed with 2% PBS-buffered formaldehyde and analyzed
in an inverted tissue culture microscope (Olympus, Tokyo).
Random fields were photographed, and morphometric mea-
surements were done to assess cell spreading and analyzed
by Student's t test.

Cell ELISAs. Control or SW-treated cells (104 cells) were
plated on %-well tissue culture plates for 18 h, fixed with 2%
glutaraldehyde (nonpermeabilizing fixation), and then pro-
cessed (9). Biotin-labeled L-PHA (for SW treatment control),
GoH3 (anti-a6 chain), and Rb3847 (anti-,13 chain) were used
as probes and developed with appropriate conjugates. Values
obtained using an EIA reader (Bio-Rad) were analyzed by
Student's t test.

RESULTS AND DISCUSSION
Biochemical Characterization of gpl20/140 and Its Glycans.

We had characterized gp120/140 as immunologically related to
the a6,31 integrin subfamily (3). Fig. 1A depicts an immun-
odepletion assay of B16-F1O cell extract using anti-,B1-chain
polyclonal antiserum (Rb3847). Immunodepletion was moni-
tored with Western blots of supernatants from consecutive
immunoprecipitations (Fig. 1Al) either with normal serum
(lanes A-C) or with Rb3847 (lanes D-F) and then analyzed in
LN overlay assays (Fig. 1A2). A decrease in the content of
l1-chain polypeptides in the supernatants studied (Fig. 1AI,
lanes D-F) was accompanied by a decrease in laminin-binding
activity (Fig. 1A2, lanes D-F)-i.e., a decrease in gpl20/140
content-characterizing gpl20/140 as an a/31 complex.

Fig. 1B depicts the immunoprecipitation profile with GoH3
from both metabolically labeled B16-F1O cells (lane A, whole
cell extract; lane B, immunoprecipitated material) and 1251_
labeled affinity-purified gpl20/140 (lane C). Since this ma-
terial was analyzed under reducing conditions, the band
presenting the smaller molecular mass is likely to be the a6
chain and the larger molecular mass band represents the
131-chain polypeptide. LN leakage from the affinity column
was also observed, explaining the diffuse bands present in
lane C. Thus, gpl20/140 is immunologically related to the
a6(31 integrin subfamily.

Glycosylation of affinity-purified gpl20/140 was analyzed
with lectins or antibodies used as probes for defined oligo-
saccharide chains (Fig. 1C). Lectins were MAA (lane A),
GNA (lane B), L-PHA (lane C), and BSA (lane D). Affinity-
purified anti-a-galactosyl IgG was also used (lane E).
MAA recognizes sialic acids linked a2-3 to galactose (10);

reactivity with gpl20/140 characterized it as a sialoglycopro-
tein. GNA recognizes terminal D-mannose, especially in the
aMan(1-3)Man structure (11). gpl20/140 was not recognized
by GNA (Fig. 1C, lane B), which suggests that no terminal
mannose residues are present in this molecule. The absence
of either N-linked high mannose or hybrid-type oligosaccha-
ride structures in gpl20/140 indicated that this laminin-
binding integrin bears mainly complex antennary structures.
L-PHA requires galactose and the 3l-6-linked antenna in

tri- or tetraantennary structures for high-affinity binding (12).
gpl20/140 has such a structure as shown by reactivity with
this lectin (Fig. 1C, lane C). gp120/140 also has terminal
a-galactosyl residues, assessed by reaction with BSA or
reactivity with affinity-purified anti-a-galactosyl residues
(Fig. 1C, lanes D and E, respectively).
Dennis and colleagues (13) compared the glycopeptides

present in metastatic and nonmetastatic variants of a murine

lymphoreticular tumor cell line and found that, in this model,
the metastatic cells had both sialylated and nonsialylated
131-6-branched triantennary poly-N-acetyllactosamine struc-
tures. These structures, also expressed in gpl20/140, inhib-
ited adhesion of the lymphoreticular cells to LN, but not to
FN or type IV collagen. The role ofthe glycosylation pattern
present in gpl20/140 was studied by exoglycosidase treat-
ment and inhibition of the P1-6-branched oligosaccharide
synthesis as discussed below.

Participation of gpl20/140 Terminal Sugar Residues In LN
Binding. The role ofgp120/140 terminal sugar residues in LN
binding was assessed by treating WGA-eluted melanoma
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FIG. 1. Biochemical nature of gpl20/140 and its oligosaccha-
rides. (A) Immunodepletion ofB16-F1O cell extracts. Supernatants of
fist, second, and fourth consecutive immunoprecipitations with
either normal serum (lanes A-C) or anti-,Bl-chain antiserum (lanes
D-F) were separated on SDS/polyacrylamide gel under nonreducing
conditions, transferred onto nitrocellulose, and then analyzed for the
presence of 181 chain (1) or LN-binding activity (2). Decrease of
LN-binding activity after depletion of B11-chain polypeptides indi-
cated the integrin nature ofgpl20/140. (B) Immunoprecipitation with
GoH3. Autoradiograph of B16-F1O whole cell extract (lane A),
immunoprecipitated material from this extract (lane B), and immu-
noprecipitated material from affinity-purified gpl20/140 (lane C)
analyzed under reducing conditions. Arrows indicate a6 and 11
chains, which constitute gpl20/140. (C) gpl20/140 oligosaccharides.
Terminal sialic acids in affinity-purified gpl20/140 were recognized
by MAA (lane A). gpl20/140 was not recognized by GNA (lane B);
thus, no terminal mannose is present in this LN-binding integrin.
L-PHA reactivity (lane C) indicated the presence of tri- or tetraan-
tennary structures in gp120/140. BSA and anti-a-galactosyl reactiv-
ity (lanes D and E, respectively) indicated the presence of terminal
a-galactosyl residues in gpl20/140. Thus, analysis of gpl20/140
glycans allowed us to classify it as a sialoglycoprotein, bearing
mainly complex antennary structures and presenting terminal a-ga-
lactosides.
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extracts with neuraminidase, neuraminidase and 1-galacto-
sidase, or a-galactosidase. As depicted in Fig. 2A and dis-
cussed elsewhere (3), under nonreducing conditions, the
LN-binding protein (lane A) comigrates with the 831 integrin
chain (lane E).

Neuraminidase-treated gp120/140 was still able to bind
laminin (Fig. 2A, lane B); a band shift of -15 kDa was
observed in the LN-binding polypeptide, whereas the mo-
lecular mass of the 131 chain varied to a lesser extent (5 kDa),
as shown (lane F). Variation of molecular mass, as well as
lectin probing (data not shown), ascertained the activity of
the enzyme. The differential sensitivity to neuraminidase of
gp120/140 and the 131-chain polypeptide suggested that the
laminin-binding polypeptide is not the 31 chain.
Both chains of gp120/140 are highly sialylated. Sialylation

of gpl20/140 is the same order of magnitude as that ascribed
to VLA-6 from murine platelets (14). Nevertheless, highly
sialylated cell-surface glycoproteins are a common feature
from both murine and human melanoma cells (15). Despite
the high content of sialic acid residues in gp120/140, they did
not affect the interaction between LN and its receptor.
The role of sialic acids in cell-matrix interactions has been

extensively discussed; sialidase treatment of colon carci-
noma cell lines had no effect on their adhesion to laminin (16).
Removal of polysialic acid chains from cell-surface glyco-
proteins of Fll cells enhanced their adhesion to LN (17),
suggesting that sugar residues, normally masked by sialic
acid, may participate in interactions with LN. In the murine
melanoma model, the metastatic potential correlates with the
oligosaccharide subterminal structures rather than with the
degree of sialylation of these oligosaccharides (18).
The possible participation of subterminal galactosyl resi-

dues in gpl20/140-LN interaction was assessed by sequen-
tial treatment of WGA-eluted material with neuraminidase
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FIG. 2. Role of gpl20/140 terminal sugar residues in its interac-
tion with LN. (A) gpl20/140-enriched cell extract, obtained from
solid tumors, was digested with exoglycosidases (lanes A-D); shift
analysis of exoglycosidase-treated material was performed with an
antiserum that recognizes the ,11 subunit of the receptor (lanes E-H).
Protein separation was made under nonreducing conditions. Lanes A
and E, undigested control, indicating the comirating bands (lane A,
laminin-binding polypeptide; lane E, ,B1-chain polypeptide). Lanes B
and F, neuraminidase-treated material, indicating that asialo-gpl20/
140 was still able to bind LN. Lanes C and G, neuraminidase- and
1-galactosidase-treated material, showing that subterminal 1-galac-
toside residues are not involved in gpl20/140 LN-binding activity.
Lanes D and H, a-galactosidase-treated material, indicating that
a-galactosyl residues present in gpl20/140 play a role in its interac-
tion with LN. (B) B16-F1O adhesion to LN-coated tissue culture
wells could be inhibited by incubating cells with affinity-purified
anti-a-galactosyl IgG. Control (ctl) incubation was performed with
purified human IgG (from a pool ofhuman serum). Maximal adhesion
(considered as 100%o of relative adhesion) was -5 x 104 cells. Bars
represent means of triplicate values; standard deviations are indi-
cated.

and 1-galactosidase. In these conditions, there was a further
band shift of4 kDa in addition to that observed by neuramini-
dase treatment only, as detected by reaction of the polypep-
tide with the anti-131-chain antiserum (Fig. 2A, lane G). No
effect was noted in LN binding to the modified receptor (lane
C).

Conversely, on treating gp120/140 with a-galactosidase,
we could abolish its LN-binding activity (Fig. 2A, lane D). In
addition to the shift in molecular mass of the P1-chain
polypeptide (lane H), a-galactosidase digestion was also
monitored by using either affinity-purified anti-a-galactosyl
IgG or biotin-labeled BSA in conventional Western blots
(data not shown).
B16-F1O cell adhesion to LN-coated surfaces was also

impaired by anti-a-galactosyl IgG, confirming the role of
a-galactoside-bearing proteins in cell-matrix interactions
(Fig. 2B). Penno and colleagues (19) have shown that termi-
nal galactosylation of a 110-kDa cell-surface glycoprotein is
correlated with invasiveness of murine adrenal carcinoma
cells and their adherence to LN. In human models, adhesion
of breast cancer cell lines to LN or to human umbilical vein
was inhibited by antibodies against aGal(1-3)Gal structures
(20). Our results suggest a possible molecular mechanism for
the interaction between LN and integrin based on recognition
of receptor a-galactosyl residues.
Laminin Binds Preferentially to the Integrin a Subunit. As

depicted in Fig. 3, it was possible to separate the comigrating
LN-binding polypeptide from the 13 integrin chain, accord-
ing to their respective isoelectric points. The polypeptide
recognized by the anti-,11 integrin antiserum had a pI of
4.3-4.8, whereas the LN binding protein presented a pl of
5.0-5.4, consistent with that ascribed to the a6 subunit (21).
Attempts were made to identify positively the LN binding
polypeptide by using different anti-a6 antibodies; however,
none of them was suitable for Western blots in murine
models. The carbohydrate-dependent interaction between
ligand and receptor postulated here may explain why the a
subunit alone continued to function as a laminin receptor in
vitro, even after exposure to detergents and denaturants.
gpl20/140 Is a L-PHA-Reactive Glycoprotein. gpl20/140

was recognized by L-PHA, indicating that this glycoprotein
bears 131-6-branched N-acetyllactosamine structures in tri-
and tetraantennary complexes. Studies with tri- and tetraan-
tennary minimal energy conformers indicate that the 131-6
branch is folded back to the protein structure (22). This
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FIG. 3. Laminin binds preferentially to the integrin a chain.
gpl20/140-containing material was separated on two-dimensional
SDS/polyacrylamide gel under nonreducing conditions and trans-
ferred onto nitrocellulose. (Left) LN binding activity ofa polypeptide
whose estimated pI was 5.0-5.4. A comigrating band as far as
molecular mass is concerned was recognized by an antiserum raised
against the ,13-chain polypeptide (Right); however, the pI of this
polypeptide was in the 4.3-4.8 range. (Inset) The same filter as in
Left developed sequentially for LN-binding proteins (open arrow-
head) and then for 1l-chain polypeptide (solid arrow), denoting that
LN bound preferentially to the integrin a subunit. Note the panels are
displayed in reverse orientation.
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oligosaccharide could be a likely modulator of protein con-
formation and, thus, a putative modifier of protein function.
Synthesis of this branch is dependent on N-acetylglucosami-
nyltransferase V activity (GlcNAc-T V) (23). SW, a man-
nosidase II inhibitor, leads to accumulation of improper
substrates for GlcNAc-T V, thus inhibiting indirectly the
synthesis of 831-6-branched oligosaccharides (24). We have
analyzed a possible functional role for L-PHA-reactive oli-
gosaccharides in gpl20/140.

Fig. 4 depicts the effect ofSW on some features of B16-F1O
cells, related to LN-binding activity (lanes A and B), expres-
sion of /31-chain glycoforms (lanes C and D), and L-PHA
reactivity (lanes E and F). Lanes A, C, and E show extracts
of control B16-F1O cells; lanes B, D, and F represent extracts
of SW-treated B16-F1O cells. The efficiency ofSW treatment
was ascertained by loss of L-PHA reactivity. gpl20/140 is
one of the major L-PHA-reactive glycoproteins present in
B16-F1O cell extracts (lane E) comigrating with polypeptides
recognized by the anti-,/1-chain antiserum (lane C). The
/31-chain polypeptide, which presented the smaller apparent
molecular mass, is an immature form of the other (pre-,31).
No effect was observed either on gpl20/140 binding to LN or
on its electrophoretic mobility after SW treatment (lanes A
and B). The band shift observed for the /31-chain polypeptide
indicated clearly that this chain, and not the a subunit, bears
L-PHA-reactive oligosaccharides.
To evaluate the functional role of /1-6-branched oligosac-

charides in the /31 chain, it was necessary to ascertain that
SW treatment did not interfere with the sorting of gpl20/140
to the plasma membrane. ELISAs using nonpermeabilized
cells that adhered to the solid phase were performed by using
L-PHA, GoH3 (anti-a6-chain antibody), and anti-/31 antise-
rum as probes. Under these conditions, it was possible to
assess only those polypeptides expressed at the cell surface.
No significant variation, as analyzed by Student's t test, was
observed regarding either a6- or /31-chain expression (Fig.
5A). Therefore, SW-treated B16-F1O cells express equal
amounts of a6 and ,/1 integrin chains at the cell surface, when
compared to the control group, in spite of being underglyc-
osylated. We could then assess the functional role ofL-PHA-
negative /1 chains on B16-F1O adhesion properties.
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FIG. 4. SW effect on gpl20/140 laminin binding activity. Control
and SW-treated B16-F10 cells were compared regarding LN binding
activity (lanes: A, control; B, SW treated), 81-chain polypeptide
glycoforms (lanes: C, control; D, SW treated), and L-PHA reactivity
(lanes: E, control; F, SW treated). gpl20/140 is one of the major
L-PHA-reactive glycoproteins from B16-F10 cells (lane E); SW
impaired the synthesis of complex glycans responsible for such
reactivity (lane F).
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FIG. 5. SW does not impair either integrin chain sorting to the
plasma membrane or cell adhesion on LN substrata. (A) ELISAs on
nonpermeabilized fixed cells were done to assess a6 and ,31 chains
at the cell surface upon SW treatment. Reactivity to L-PHA ascer-
tained the treatment efficiency. Bars represent means of three
independent assays performed in triplicate. No significant differ-
ences were observed for a6 and 831 expression between control (n)
and SW-treated (o) cells. (B) Metabolically labeled B16-F1O cells
(control and SW treated) were plated on LN-coated tissue culture
wells (range, 0.325-20 ,g per ml per well). Adherent cells were
assayed with a liquid scintillation counter. Solid circles represent
adhesion of B16-F10 control cells; open circles represent adhesion of
SW-treated cells. Each point represents the mean of five experi-
ments. SDs are indicated. Cells adhered maximally at a LN concen-
tration of 10 ,ug/ml (_105 cells); this point was considered 100%o and
was used for estimating relative adhesion over the range studied.
Differences observed did not reach statistical significance.

Spreading, but Not Adhesion, Is Associated with ,Bl-Subunit
Glycosylation. Although a small decrease of B16-F1O adhe-
siveness to LN was observed after SW treatment, such a
difference was not statistically significant (Fig. 5B). How-
ever, the most striking SW effect was not on adhesion itself,
but rather on B16-F1O spreading on LN, as illustrated in Fig.
6. Fig. 6 (A and B) shows B16-F1O adhesion to LN and FN,
respectively. Fig. 6 (C and D) shows adhesion of treated
B16-F1O cells to LN and FN, respectively. Spreading on LN,
but not on FN, was considerably impaired in the presence of
SW. Morphometric measurements indicated that SW-treated
cells were significantly smaller than control cells (-20%o
smaller). No significant difference was observed regarding
FN adhesion.

SW-treated B16-F1O cells maintained both their ability to
bind LN (Fig. 4, lane B) and their adhesiveness to LN-coated
plates. It was possible, however, to impair their spreading
ability by inhibiting the complete processing of the carbohy-
drate chains present at their cell surface, especially on the /31
chain. Arroyo et al. (25) have shown that cell spreading is a
/31-chain-mediated effect. We have shown here that cell
spreading may be associated with the glycosylation state of
the /81 integrin chain.

Proc. Natl. Acad. Sci. USA 90 (1993)

L' ./



Proc. Natl. Acad. Sci. USA 90 (1993) 1799

4 -.

FIG. 6. SW effect on B16-F10 spreading on LN. B16-F10 spreading on LN-coated surfaces was analyzed morphometrically (A, control; C,
SW treated). A significant decrease on spreading of SW-treated cells to LN was observed, whereas no effect was observed for spreading on
FN-coated surfaces (B, control; D, SW treated). Morphometric measurements led to the observation that SW-treated cells are -20% smaller
than control cells. Impaired spreading was associated with the expression of underglycosylated B11-chain polypeptides on B16-F1O cell surfaces.

Carbohydrate recognition has been implicated in a growing
number of cellular functions (26). Assuming the integrin
nature of gpl20/140, we could show that LN bound prefer-
entially to the a chain and that this interaction is dependent,
at least in part, on terminal a-galactosyl residues. On the
other hand, L-PHA-reactive oligosaccharides present in the
(31 integrin chain are associated with spreading on LN. It is
tempting to speculate that multiple affinity states of integrins,
based on their glycosylation pattern, could modulate cell-
matrix interactions.
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